Background: For the past 32 years, we have polled first-year biology students annually at the University of New South Wales concerning their views about evolution and creationism. The purposes of the research were to identify the level of commitment among incoming students to creationist beliefs that could interfere with their receptivity to evolutionary science and to assess in retrospect whether these creationist beliefs were changing over time.
Background
Public attitudes toward evolutionary science are shaped in part by the instruction that young adults receive in universities and colleges. However, new students do not arrive as a tabula rasa. The students' receptivity to the teaching of evolutionary science will be influenced by beliefs acquired from their families, schools, communities and religious organisations. As will be detailed below, what little is known about the views of university students is limited in the main to a handful of relatively short-term surveys scattered across time and institutions.
The present paper reports a secondary analysis of the cumulative results of a poll of Australian university students in a first-year biology course concerning their broad beliefs about human evolution and creationism. The ongoing poll has been conducted annually for 32 consecutive years between 1986 and 2017. The intent
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Evolution: Education and Outreach *Correspondence: m.archer@unsw.edu.au 1 PANGEA Research Centre, School of Biological, Earth & Environmental Sciences, University of New South Wales, Sydney, NSW 2052, Australia Full list of author information is available at the end of the article of the poll has been pedagogical. First, it has provided the lecturer with a basic understanding about the level of commitment among incoming students to creationist beliefs which could interfere with their receptivity to evolutionary science. Depending on the outcome of the poll, the ways in which the science of evolution is taught might need revision. Second, analyses of the results of all previous polls conducted in this course have provided an opportunity to assess how student views, on average, are or are not changing over time. In lectures given subsequent to the one in which the poll is run, the results of the anonymous survey for their class and those of all previous years have always been openly presented to the class for the interest of all students.
When our poll was first conducted in 1986, we had no idea what proportion of students embraced creationist convictions that god(s), rather than natural evolutionary processes, were responsible for the existence of humans. In a 1986 census of the general Australian public, 75% of adults claimed a nominal identification with a religion, mostly some form of Christianity (73%) (Anon 1994) . However, what proportion adhered to the belief that humans were created by god(s) was not assessed.
Unlike the United States, debates in Australia about the teaching of evolutionary science in schools and the injection of creationism into school biology classes have not gained much public traction. The official biology curriculum for both state-based public schools and church-run schools in New South Wales has consistently reflected conventional evolutionary science and not creationism (Anon 2013) . Discussion of creationism has, however, been regarded to be appropriate for courses about religion. Accordingly, to determine the distribution of incoming students' views in the first-year biology course in UNSW, we first implemented the poll in 1986 and conducted it every year thereafter.
Reports of long-term trends in views about the origins of humans are rare and in most cases limited to surveys of adult populations in the USA. Plutzer and Berkman (2008) amalgamated findings from several polls, most notably the results of a Gallup poll about American values and beliefs conducted periodically since 1982. Newport (2014) has reported results of the same Gallup poll that accumulated between 1982 and 2014. These have been further supplemented by analysis of the results from the 2017 Gallup poll (Anon 2018a) . Twenge et al. (2015) reported results based on 'General Social Survey' data spanning 1972 to 2014 for change over time in religious orientation among adolescents in the USA. Twenge et al. (Twenge et al. 2016) similarly reported an analysis of changes in adult religious participation in the USA based on the same survey data.
Relevant to our poll in UNSW, one of the Gallup questions asked respondents, in demographically-weighted samples of > 1000 American adults, to select one of four statements that best reflected their beliefs about human origins. The options included: (1) a creationist statement that a god had created humans a few 1000 years ago; (2) a theistic evolutionary statement that humans evolved over several million years but the process was guided by god; (3) a non-theistic statement that humans evolved without any guidance from god; and (4) a statement that the respondent had no opinion about the matter.
Over the period assessed, there have been only modest changes in American responses which in the main endorse one of the god-caused/guided options. The overall percentage of respondents choosing the creationist option has fluctuated between 42 and 47%, dropping to 38% in 2017. The percentage selecting theistic evolution has been lower but still substantial, fluctuating between 31% and 40%, and 38% in 2017. Although relatively few tended to select the non-theistic option, the percentage who did having risen slowly from 9% in 1982 to 19% in both 2014 and 2017. Finally, the undecided/no-opinion option was chosen by only 5-9% of the respondents over the same period.
Unfortunately for the purposes of direct comparison, Newport (2014) did not provide a demographic breakdown that would enable us to make direct comparisons with the results of our long-term survey of university students. However, two studies that were conducted in the United States, the two separated by 39 years, used a similar question answered by substantial numbers of students. In the first study, Bergman (1979) polled 442 undergraduates at a state university in Ohio. Among the respondents, 43% endorsed creationism, 46.4% endorsed theistic evolution, 7.9% endorsed non-theistic evolution, and 2.7% endorsed "other". More recently, students were surveyed at three small Midwestern institutions (N = 591) (Barnes et al. 2008) . Among these students, 41.6% endorsed creationism, 21.6% endorsed theistic creation, and 36.2% endorsed non-theistic evolution (it is unclear from the publication what declaration if any was made by the remaining 0.6% of those surveyed).
These two studies suggest that support for creationism among students in the USA held steady in the 40% range, a level consistent with that of support in the general population over approximately the same time span. On the other hand, support for theistic evolution appears to have fallen away. In the 1979 study, 46.4% of the students endorsed theistic evolution (Bergman 1979 ) which appeared to be similar or possibly even higher than that seen in the general population. However, in the 2008 study, only 21.6% of the students supported theistic evolution. Conversely, student endorsement of non-theistic evolution showed a commensurate rise to 36.2%, well above the level of 14% in the general population in 2008.
Although this pair of findings is intriguing, they only provide snapshots of the underlying trends over the two widely separated times. They do not reveal what variation between them may be due to sampling error plus any subtle differences arising from the wording of the questions or the administration of the survey. Further, the results are only based on the attitudes of some students at American universities at specific points in time.
Accordingly, by analyzing the accumulated responses to our poll, we aimed to provide a more continuous picture of what trends and variation have occurred among successive cohorts of students over 32 years at a large state university in Australia. Our poll had the advantage of being conducted in a consistent fashion using the same question always administered in the same way by the same person (M. Archer) explaining the same reasons for the survey to the students at the same time in the course. Factors limiting our ability to generalise the results of this poll are noted in the Discussion section.
Methods
From 1986 to 2017, every student attending the first year biology course (BIOS1101) was invited to complete a one-item poll on a strictly anonymous basis. As they entered the lecture theatre, each student was handed a slip of paper and asked to circle one of following options, the one with which they most agreed.
God created people (Homo sapiens) pretty much
in their present form at sometime within the last 10,000 years. 2. People developed over millions of years from less advanced forms of life, but god guided the whole process, including our development. 3. People developed over millions of years from less advanced forms of life. God had no part in this process.
I honestly have no opinion about this matter.
This survey question and response options were deliberately framed to closely approximate those routinely asked in Gallup polls conducted in the United States (e.g., Newport 2014). The question was designed to assess the level of commitment participants have to one of three views: that god created human beings de nova pretty much in their present form within the last 10,000 years; god guided the process of human development from less advanced forms over millions of years; or that human beings developed over millions of years from less advanced forms of life and god had no part in this process.
Each year from 1986 onwards, the senior author, M. Archer, explained to the students that the poll was conducted to discover the balance of opinions among students in this course. In making their selection, the students were instructed not to write their name on the paper to ensure their responses were completely anonymous. If they had any reservations, they were asked not to fill out the form. The students were then requested to fold up the slip of paper and at the end of the lecture to deposit it in a box that had been left at the exit. Students were told, in the week following the survey, what the results of the poll were for their class and those of previous years.
As first year university students, the age of all individuals sampled was approximately 18. Because of the interval of years during which this survey was conducted, it sampled Gen X (born [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] individuals in survey years 1986 to 1997 , Millennial (born 1980 Table 1 is divided into six columns. The first column shows the year in which the poll was conducted. The second column shows the number of students who submitted a response to the poll. The remaining columns show the percentage of respondents who choose options 1-4, respectively.
Results
Inspection of the table reveals that the number of students responding to the poll from 1986 to 2008 averaged 530. Since 2009, the number of respondents has steadily fallen, while the number of students enrolled in first-year biology at UNSW has remained steady, averaging 467 students per year. In 2017, 419 students were enrolled in the course, and 415 completed the course. The reduction in responses reflects a sharp university-wide decline in the number of students physically attending lectures, which has coincided with the growing accessibility of recordings of lectures and visual material on UNSW's internal internet which is only available to staff and students of UNSW. Because we did not count the actual number of students who did attend each class surveyed, we do not have exact response rates. However, as far as can be ascertained from the number of responses, the percentage of students providing these appeared to always be proportional to the size of the classes surveyed, suggesting that response rates over the entire time of the survey have been similar. Figure 1a plots the percentage of responses to each option for each year, with the best fitting model for each response (a linear model for the theistic evolution and uncertain options, and a 2nd-order polynomial model for the non-theist and creationism options). Inspection of the figure reveals the following features.
First, the percentage of students who chose the creationist option was low and declined over the years surveyed, ranging from a high of 17.3% in 1988 to a low of 3.6% in 2017 (Fig. 1a , polynomial regression model, p < 0.001, R 2 = 47%). Second, in 1986, 50% of the students selected the option for theistic (god-guided) evolution. Since then, the percentage choosing that option has consistently declined, reaching 25.2% in 2017 (Fig. 1a) . This decline is best explained by a strong downward linear trend of 0.88 percentage points per year, with the model explaining a high proportion of the variance (R 2 = 0.86, r = 0.93, p < 0.001). Third, while the percentage of students choosing either the creationist or theistic evolution option has declined, the percentage of students selecting the non-theistic evolution option has steadily increased at a slightly increasing rate from 25.1% in 1986 to 62.2% in 2017 (Fig. 1a) . The best fitting model was a 2nd order polynomial model with statistically significant (p < 0.001) and positive coefficients, explaining 83% of the variance (as measured by R 2 ). Fourth, the percentage of students selecting the uncertain option remained low, averaging 8.6% (Fig. 1a) . There was no evidence for any change in the percentage that chose this option across all years surveyed (p = 0.32).
Discussion
The results reported here are based on a secondary analysis of the accumulated results of an annual poll of firstyear biology students at the University of New South Wales regarding their views on the origin of humans. The poll was conducted to gauge the opinions of new university students that could affect their initial receptivity to scientific research about evolution. An earlier paper (Archer 1994) reported preliminary results spanning the years 1986 to 1994 but there has been no statistical analysis of any of the data until now.
There were two main findings. First, the percentage of our Australian students endorsing the creationist option has been consistently small, averaging 10.4%, and slowly declining.
Second, there has been a striking cross-over in the opinions of the successive cohorts of students. In 1986, 60% of the students endorsed either the creationist option (10%) or the theistic evolution (god-guided) option (50%). By 2017, the proportion of students endorsing either of the theistic options had fallen by 31.2 percentage points to 28.8%, more specifically 3.6% for the creationist option and 25.2% for theistic evolution. Conversely, endorsement of the non-theistic option rose by 37.1 percentage points from 25.1% to 62.2%. This rise appears to mirror the fall in endorsement of the theistic options.
In summary, opinions among our Australian students that god in some sense is the ultimate or contributing cause of human origins has fallen from being a majority view in 1986 to being a distinct minority view in 2017.
This decline markedly differs from what appears to be the case among American university students, particularly with regard to creationism. As recently as 2008, Barnes et al. (2008) found that 41.6% of their cohort of American students endorsed creationism. This is four times higher than the 11.1% we recorded for creationist views embraced by Australian students in 2006 and 2007, the years when Barnes et al. (2008) would have collected their data from American students.
With regard to the endorsement of theistic evolution, there may be a parallel between our Australian students and American students. Bergman (1979) reported that among American students, 46.4% endorsed theistic evolution (Bergman 1979) , while in 2008, and, similarly, at the start our poll in 1986, 50% of our Australian students endorsed theistic evolution. By 2008, only 21.6% of the American students supported theistic evolution (Barnes et al. 2008 ). In our corresponding 2006-2007 polls, endorsement for theistic evolution had fallen to, respectively, 35.7% and 31.1%, low levels that have continued to fall since that time.
Although the results of the Australian national census appear to reflect the same direction of change in viewpoints that we have documented in our university survey (Fig. 1b) , they were not conducted as frequently over the same period of time and only relatively recently enabled respondents to indicate, if it was the case, that they had no religion (Rowe 2017) . As an example of comparability of results for specific years, in the 2011 Australian-wide national census of the public, 15% responded that they believed in creationism while 51% declared they believed in non-theistic evolution (McCain and Kampourakis 2018). These percentages appear to align with our students' 2011 percentages, which were 6.8% for creationism and 47.9% for non-theistic evolution.
Perhaps part of the reason acceptance of non-theistic evolution is growing more rapidly in Australia than in the USA may be the different cultural backgrounds of the two countries. Europeans who first moved to North America were in the main deeply religious, primarily Protestants. In contrast, most Europeans who moved to Australia, some as 'guests' of Her Majesty's prison system, were far less concerned with religious matters. As Karskens (1997) notes in relation to the late 1700s early 1800s, "Most sources confirm that Sydney's people did not attend the established church. Orders commanding them to observe the Sabbath by avoiding both work and carousing were routinely ignored, so that clergymen were invariably scandalized by the empty churches and the full taverns on Sundays…Over 40 per cent of the convicts said they had no religious affiliation whatsoever. Compulsory attendance at divine worship…was regarded as part of their punishment. " Making more or less the same point, the first Christian cleric in Australia (Rev. Richard Johnson) who sailed with the First Fleet had an incredibly hard time trying to raise funds to build any form of a church. So much was this the case that he ended up paying for the building out of his own wages. The church was finally built in 1794 and shortly after completion, was deliberately burnt down. After losing his church and much of his own income Rev. Johnson filed for a leave of absence to visit England. He never returned to Australia. In 1805 Johnson appears on a list of officers as "On leave in England, no successor or second clergyman appointed" (Macintosh 1978) .
Perhaps the relative alacrity with which Australians appear to be embracing non-theistic explanations for the origin of humans, evidenced by the results of our 32 years survey in UNSW and the Australian Census of the wider public, reflects at least in part a long and apparently growing tradition of relative disinterest in embracing religion.
Limitations
Conclusions concerning the generality of our findings are limited by design. Our annual poll was conducted over 32 years for educational purposes to discover, on the basis of responses to a question routinely used in Gallup polls around the world about the mechanistic origins of human beings, changing opinions among successive cohorts of students taking an introductory biology course taught by the same person at a major Australian university. While one could argue the pros and cons about the reliability of responses to any specific question in Gallup polls, global acceptance that responses to this question are a reasonable if not a good indication of inherent beliefs among respondents urged us to use the same question to achieve the same level of insight that this has provided in many other international studies over long periods of time. Although we do not have long-term hard data about response rates within each of the groups sampled annually, the number of responses per students attending class did not noticeably change over time. When considering whether or not our results reflected the views of the wider community, we could not find a corresponding nation-wide annual poll conducted with the Australian general population over a similar span of time, let alone one that focused on subpopulations such as university students. In terms of comparing our results focused on university students to similar analyses conducted internationally, we could only find one-time surveys of American university students using convenience samples at one or a small number of institutions, findings that have been discussed above. Accordingly, we consider that our findings may be the first continuous annual, long-term analysis of the opinions about creationism versus evolution among first year university students in Australia and, apparently, elsewhere in the world.
Possible future directions
Given limitations of the present study noted above, we can suggest ways to improve future surveys of this kind. The individual views of incoming students concerning human origins presumably originate in their familial, secondary school, community, religious and/or cultural backgrounds. Downey (2014) has argued, using survey data spanning 1990 to 2010, that a measurable decline in religiosity in the USA is in lockstep with a steep rise in use of the internet. While correlation is not a demonstration of cause and effect, the internet will certainly expose users to an expanding universe of scientific knowledge about evolution which can lead to a decrease in uncritical acceptance of miraculous creation well before students are old enough to enter university.
To better understand some of these factors, and to get a better handle on the subsequent impact (if any) of tertiary university education on the views held when they arrive, we suggest the following information could be sought in future.
To better understand the origin of a priori opinions among first year university students, there may be value in running a similar annual survey in one or more of the larger 'feeder' secondary schools that contribute to a majority of the incoming students in the same university. Smith and Singhal (2017) , in an analysis of data recovered from 'Census 2016' , reported that more than 40% of 795,000 public school students in New South Wales, one of the primary sources for students entering UNSW as undergraduates, nominated 'no religion' in response to the question about religious affiliation. Hence it would be useful if the national census could include questions that would enable assessment of long-term changes in the specific views of the public prior to entrance to universities (e.g., belief in a god, commitment to creationism, origin of human beings). In a review of opinions among the general public in 23 nations, McCain and Kampourakis (2018) noted that a 2011 Australian sample revealed that 15% of those surveyed agreed with creationism but 51% agreed with non-theistic (natural) evolution of humans. While these percentages broadly align with our students' percentages in the year 2011 (6.8% for creationism and 47.9% for non-theistic evolution), comparisons of this kind based on the national view are not available for most of the years over which we ran our survey of undergraduate students. With slight changes to the national census questionnaire, a more detailed assessment of long-term changes in public opinions about these issues would become possible.
To assess the potential impact of university education on the a priori opinions expressed by students, it would be useful to run the same survey with as many as possible of the same cohort of students over their next 3 years of coursework. American findings indicate that there are a range of factors that can lead to changes in student opinions throughout their university years (e.g., Paz-y-Miño-C and Avelina 2009).
To place changes over time occurring within the Australian community into a broader international context, similar long-term studies would need to be conducted in other countries besides Australia and the USA. In particular, it would be interesting to know how changes in beliefs in god as well as specifically belief in creationism have been changing over time in other countries. Although a short-term, one-off assessment, the McCain and Kampourakis (2018) survey of 23 nations was aimed at assessing commitment in the general public of those countries to beliefs in a god and/or creationism. Among Australian respondents, 29% of those surveyed stated they believed in god but only 15% agreed with creationism. In Indonesia, in which 93% of respondents declared a belief in a god, only 57% agreed with creationism. In contrast, in South Korea, China, and Japan, in which belief in a god ranged from 4 to 17%, agreement with creationism ranged from 10 to 24%. Clearly there are significant, nationally-different commitments to views about the origin of humans, but it is not clear how or how fast these other national views may be changing over time.
Conclusions
This poll was undertaken to inform science teachers in the University of New South Wales about the level of a priori commitment first year university students had for Creationist beliefs. Assessing the extent of commitment among incoming students was regarded to be important because those students were likely to be relatively unresponsive to conventional teaching about scientific evidence supporting the reality of evolution. The outcome of the poll would then inform lecturers about whether more or less effort should be made to communicate scientific understanding about evolution. As revealed over the years, the percentage of students endorsing creationist beliefs has remained very low and is declining. In contrast, the percentage of students convinced that gods had no part in the evolution of humans has grown steeply over time, representing approximately 62% of students surveyed in 2017. That said, approximately 25% of students surveyed in 2017 endorsed a conviction that a god was somehow involved in or influenced the origin of humans. Although their commitment may be less doctrinaire than that of creationists, it also represents a steadily declining proportion of the student body over the years, dropping by 50% since 1986. In all measures of commitment to a role for a god in the origin of humans, Australian students appear to be more rapidly embracing a non-theistic explanation than students in the USA. This may relate at least in part to a difference in the way the cultures of the two countries have developed over time.
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